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@ Friction modification of synthetic gear oils. 

© Gear oils and gear oil additive packages that exhibit improved fticttonal properties for use in 
transmissions equipped with synchronizers are described. The lubricant compositions have a kinematic 
viscosity at 100X in the range of 4 to 32 mirf.s" 1 (cSt). and comprise a) a base oil having at least 25%, 
preferably at least 50%, more preferably least 75%, and most preferably 100% by weight of (i) 
hydrogenated poiy-aipha-olefin oligomer oi or (ii) synthetic ester oi, or (Hi) a combination of (0 and (ii) ; 
b) an amount of a gear o3 additive package such that the gear oi lubricant satisfies or exceeds the 
specifications for API-GL4 service ; and c) an amount in the range of 0.01 to 2 wt % based on the total 
weight of the lubricant of at least one alkali or alkaline earth metal salt of an oi-soiuble sulfonic acid, the 
amount of said metal salt used being sufficient to improve the friction properties of the lubricant for use 
in manual transmissions, particularly those of the synchronizer type ; said lubricant containing at most 
100 ppm of metal as one or more additive components other than said metal salt, and having on a 
weight basis a boron content, if any, of not more than 1,000 ppm. 
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Modern commercial large vehides T'^^^n.^ubrkants. Such lubricants contain addiuves 
icaliy operated wrth conventionai miners. ^^^JJJS^rty improvements. The level and type of 
^wearprotection, corrosion protection, and «*^™« K * low temperature propert.es. or 
Reused depends on the performance recrements fn rd^ AP^a^dAPI-GLS. More recently PG1. 
^Tprotection. Performance designations which ^^^S£L may be preferred. API-GL4 and 
^2 a'nd APW3L7 are being defined. miners, oil lubricants ^ containing 
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binatbn of (i) and (ii); 

b) an amount of a gear oil additive package such that the gear oil lubricant satisfies or exceeds the spec- 
ifications for GL4 service; and 

c) an amount in the range of 0.01 to 2 wt % based on the total weight of the lubricant of at least one alkali 
5 or alkaline earth metal salt of an oil-soluble sulfonic acid, the amount of said metal salt used being sufficient 

to improve the friction properties of the lubricant for use in manual transmissions, particularly those of the 
synchronizer type; said lubricant being essentially free of any metal additive component (i.e., the lubricant 
contains at most 100 ppm and preferably no more than 50 pom of metal as one or more additive compo- 
nents other than said metal salt), and having on a weight basis a boron content, if any, of not more than 
10 1 ,000 ppm, preferably not more than 300 ppm, and most preferably not more than 25 ppm. 

It is to be noted that in the ZF.Synchronizer test the beneficial increase in friction exhibited by finished 
gear lubricants of this invention manifests iteeff in a substantial increase in the number of cycles during which 
the test can be performed without poor synchronization of the gear changes. For example, a finished synthetic 
oil-based gear oil devoid of a metal sulfonate additive may encounter substantial failure within 10,000 or 15,000 
16 cycles. On the other hand, finished synthetic oil-based lubricants of this invention which contain a metal sul- 
fonate component can achieve at least 50,000 and usually at least 100,000 cydes of trouble free operation In 
this test procedure. 

It wfll be appreciated that in satisfying or exceeding the specifications for API-GL4 service, the gear oil 
additive package used as component b) may In fact satisfy the requirements for other performance specffl- 
20 cations such as APM3L5, and including specifications not yet In being (or even envisioned) such as PG1 , PG2 
and API-GL7 or specifications of other countries such as comparable JIS gear oil standards, orthe like. In short, 
the specifications of API-GL4 are to be considered minimum performance levels for the package. For example, 
if the requirements of the API-GL7 specification are more stringent for the most part than, say, API-GL4, the 
fact that an additive package satisfies the API-GL7 requirements Inherently satisfies the minimum perfor- 
25 mance requirements for use in the practice of this invention, whether or not the package has actually been 
subjected to the API-GL4 performance tests. 

Pursuant to another embodiment of this invention, there is provided a gear oil additive package which com- 
prises (1) an oil-soluble phosphorus and sulfur-containing antiwear and/or extreme pressure additive comple- 
ment and (2) at least one alkali or alkaline earth metal salt of an oil-soluble sulfonic acid; said gear oQ additive 
30 package being further characterized in that when blended with a base oil having a kinematic viscosity in the 
range of 4 to 32 cSt at 100°C and composed of at least 25% by volume of (0 hydrogenated poly-alpha-olef in 
oligomer oil or (ii) synthetic ester oi, or (Si) a combination of (i) and (ii) to form a lubricant containing from 0.01 
to 2 wt % of said metal salt, said gear oil additive package provides a lubricant composition that: 
A) satisfies or exceeds the specifications for API-GL4 service; 
35 B) contains, if any, at most 100 ppm and preferably no more than 50 ppm of metal apart from the metal 
of said metal salt; and 

C) has a boron content, if any, of not more than 1,000 ppm, preferably not more than 300 ppm, and most 
preferably not more than 25 ppm. 

Still another aspect of this invention is the method of beneficially modifying the frictional characteristics 
40 of a low-friction synthetic lubricant composition containing a gear oil additive package such that the lubricant 
composition satisfies or exceeds the specifications for API-GL4 service, but does not exhibit satisfactory fric- 
tion properties for use in manual transmissions, particularly those of the synchronizer type. The method com- 
prises including in such lubricant composition an amount In the range of 0.01 to 2 wt % based on the total weight 
of the lubricant of at least one metal salt of an oB-sduble sulfonic add such that the friction properties of said 
45 lubricant are improved for use in manual transmissions, particularly those of the syn-chronizer type. 

In each of the above embodiments the metal of the sulfonate salt preferably is lithium, sodium, potassium, 
magnesium, or caldum, or a combination of two or more such metals. However, barium and/or strontium sul- 
fonates can be used if desired. 

In each of the embodiments of this invention, the metal sulfonate can be employed as a separate compo- 
so nent (e.g., as a "top-treat" to the base oil wtth which the additive package has been or will be blended) or as 
a component of the additive package itself. Similarly, while use of additive packages is preferred, it is possible 
to blend the metal sulfonate and the respective components of the additive package into the base oil individ- 
ually or in various compatible sub-combinations. 

As noted above, the base oils are composed partially or entirely of a low-friction fluid such as PAO base 
5$ oil and/or a synthetic ester lubricating oil. The PAO fluids are usually formed by oligomerizatbn or co-oligo- 
merization of 1-alkene hydrocarbon having 6 to 20 and preferably 8 to 16 carbon atoms in the molecule and 
hydrogenation of the resultant oligomer. Hydrogenated oligomers formed from 1-decene are particularly pre- 
ferred. Methods for the production of such liquid oligomeric 1-aikene hydrocarbons are known and reported 
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-i oK^rofnrx/ Pprformance Tests for Automotive Gear Lubricants" (March 1 987). 
TSerXe^ ^additive packages (concentrates) that provide API-GL4 or API-GL5 performa n« .are 
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additive system, one or more antioxidants, one or more corrosion inhibitors, and an antifoam additive, and may, 
and preferably do, contain a dispersant additive. 

Pursuant to another embodiment of this invention, there is provided a gear oil additive package (concen- 
trate) which comprises: 

5 a) at least one oil-soluble ashless dispersant, preferably a succinimide ashless dispersant and/or a succinic 

ester-amide ashless dispersant, and more preferably a Mannich base ashless dispersant; 

b) at least one oil-soluble metal-free sulphur-containing antiwear and/or extreme pressure agent; 

c) at least one oD-soiuble metal-free phosphorus-containing antiwear and/or extreme pressure agent; and 

d) at least one alkali or alkaline metal salt of an oil-soluble sulfonic acid in an amount such that a lubricant 
10 composition formed by blending the additive package in a base oil having a kinematic viscosity in the range 

of 4 to 32 cSt at 1 00°C and composed of at least 25% by weight, preferably at least 50% by weight, and 
most preferably at least 75% by weight of (i) hydrogenated polyalpha-olef in oligomer oil or (ii) synthetic 
ester ofl, or (III) a combination of (I) and (II) to form a lubricant containing from 0.01 to 2 wt % of said metal 
salt 

15 A) satisfies or exceeds the specifications for API-GL4 service; 

B) contains. If any, no more than at most 100 ppm and preferably no more than 50 ppm of metal apart 
from the metal of said metal salt and 

C) has a boron content if any, of not more than 1,000 ppm, preferably not more than 300 ppm, and most 
preferably not more than 25 ppm. 

20 Preferably, the metal of such salt is lithium, sodium, potassium, magnesium, or calcium, or a combination of 
two or more such metals. 

A finished lubricant composition containing at least the foregoing components a), b), c) and d) constitutes 
still another embodiment of this invention. Such finished lubricant satisfies or exceeds the specifications for 
API-GL4 service, and preferably satisfies or exceeds the specifications for API-GL5 service. Component a) 

25 of the foregoing additive package and finished lubricant composition most preferably is a Mannich base which 
includes or, alternatively, consists of boronated Mannich base ashless dispersant 

Yet another embodiment of this invention involves using as component a) a Mannich base dispersant and 
proportioning components a) and b) above in the additive package or in the finished lubricant composition such 
that the mass ratio (wt/wt) of nitrogen in the Mannich base dispersant to sulphur in the sulphur-containing an- 

30 tiwear and/or extreme pressure agent is in the range of 0.0005: 1 to 0.5:1 , and preferably in the range of 0.003:1 
to 0.2:1. 

In still further embodiments a Mannich base dispersant is employed as components) and components a) 
and c) above are proportioned in the additive package or In the finished lubricant such that the mass ratio 
(wt/wt) of nitrogen in the Mannich base dispersant to phosphorus in the metal-free phosphorus-containing an- 
35 tiwear and/or extreme pressure agent is in the range of 0.005:1 to 5:1, and preferably in the range of 0.01:1 
to2:1. 

In additional embodiments, any of the above additive concentrates and finished lubricant compositions fur- 
ther comprise at least one oil-soluble demulsff yfng agent 

In still other embodiments, any of the above additive concentrates and finished lubricant compositions fur- 
40 ther comprise at least one oil-soluble amine salt of a sulphur-free hydrocarbyl phosphoric acid. 

Preferably the lubricant compositions of this Invention have a halogen content If any, of no more than 1 00 
ppm, and more preferably no more than 30 ppm on a weight basis. 

Other embodiments of this invention will appear hereinafter. 

As is well known In the art the ZF.Synchronizer test has been designed for the evaluation of oil perfor- 
ms mance in commercially available synchromesh units under endurance conditions with the bulk lubricant tem- 
perature controlled at a relatively high level. While H is important to simulate fairly closely the actual conditions 
met In service, the need to produce a test result In an acceptable period has to be taken into account Briefly, 
two halves of a transmission synchromesh unit are repeatedly brought together under conditions of known force 
and speed differential until failure occurs. Faiure may be defined in terms of synchromesh performance or 
so overall wear. The test rig used in the procedure was designed with consideration of work done by Socin and 
Waiters, SAE Paper Number 680008 entitled "Manual Transmission Synchronizers"; Fano, CEC TLPG4 Chair- 
man's Final Report 1985, entitled "Synchromesh Test Method With Proposed Synchro Test Rig"; and Brugen, 
Thies and Naurian of Zahnradfabrik Fried richshaf en A.G. in a paper entitled "Einfluss Des Schmterstoffes auf 
die Schaltelemente Von Fahrzeuggetrieben". The two synchromesh units are assembled in a gear box which 
55 forms the oil reservoir and facilitates splash lubrication of components. Drive may be transmitted along the 
main shaft or via the layshaft gears to give an increased ratio. The input speed is kept constant by means of 
a DC drive control system and a large flywheel simulating vehicle inertia. On changing gear, the output shaft 
accelerates and decelerates the small flywheel which simulates clutch inertia. A pivot linkage connected to a 
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pneumatic cylinder provides the actuating force which is measured by means of a load ring strain gauge. A 

du^a ^change, the coefficient of friction for satisfactory synchronizer performance nth. test . at least 

Another performance criterion which may be used when performing the test for qualification pupoMb 
excess! iSn of the gear box casing in the axial plane, a condition symptomatic of poor gea changes^ 

Snlist ofTScyc.es. the number of poorchanges is recorded. The test fe term-nated prematurely if ths mmv 
" TeS^rTermaTbe evaluated by Inspecting the 

a pJSnSls devtee both before and after test Polishing ofthe metal surface ortheburtdupofaglaze 
ofdec^eXbSamor additive ylela^anunacceptablysrr^thsurfaceflnlsh.Thlslnturncau^slowfric- 
te^u^urir^e gear change and can lead to dash of the s.eeve and gear dutch teeth. Wear meas- 

A.G^heX\harc«npany will perform the ZRSynchronteer test on formulations subrrutted by a party fo 
M iTSerstao^at a'summary report of the resu.ts of the test is provided to the submrtter of the test 

Stowing examples numbered 1 through 35 llustrate. Inter alia, preferred additive ooncentrates and 
o.ea!ln^S)8Hlorof this Invention. These examples are not Intended to .impend should not be con- 
strued as limiting, this Invention. In all ofthe examples, an percentages are by weight 
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EXAMPLE A 



To a reaction vessel are charged 38.0 parts of sulphurized isobutylene. 14 0 parts ofa ^«[<"™* £ 
reaction "dteU^ 

STo^Tds are ^propyl, 40% are isobutyl and 20% are 2-ethylhexyt. 4.76 parts of d.butyl hydrogen phos- 

ve£e \Z agitated and maintained at 30-C for 10 minutes. To this n*o^e is added 6 0 parts of ^ 
R a^teTa teri-Skyt primary amine mixture in the C, r C u range; Rohm & Haas), and the m^^'^jred to 

aSdth^ntenTo jetton vessel are maintained atSO'CfoM ^^^^^^ 
r h eve1^content 8 to40'C.4.31 parts of oleic 

ci Mojito Smpany) are added. Then. In a final stage and without application of heat, 1.8 ^ <* 
?J3h^o^ ™to-1 3 4-thladiazole. 12.3 parts of Amoco 9250 additive (a proprietary product of Amo- 

1Z£££^^ « o» ~ ncen,rate * Mannich ba8e a8h,e88 

fnd^rltaTnslbolM Ti nitrogen and about 0.2% boron). 0.77 parts of Pluronlc L-121 demu.slf.er (an 

:«Cneidr P ^ 

to the contents of the reaction vessel. The resulting additive concentrate .s stirred for 60 minutes. 
45 EXAMPLE B 

To a reaction vesse. are charged 38.3 parts of sulphurized lsobuty.ene.14 Q 3 parts ;of 
f ide 5 7 parts of dibuty. hydrogen phosphite. 0.1 part of tdyltriazole. and 2.9 parts of amy. a«d phosphate^ 
Throi hout this addition, the components of the reaction vessel are agitated and ma.nta.ned at 30 C for 10 
12 To hte mbrtTe are added 3.7 parts of Primene 81-R amine. 3.7 parts of C 1( and C 18 primary am nes 
To oa?t'Jo25 anZ and 3.2 parts of process oil. and the mixture is stirred for 20 minutes while ma,nta,nmg 
he coriet.^oftrT^coon vessel at 50X fori hour with wntinuoiis storing. Then. v^Becoolmg the contents 

oZe'^T^^^ application of heat. 2.7 parts of 2-tert-dc<ie^dithio-5-^rcapto-1.3 + 

oZ^rtle btock copolymer concentrate of BASF Corporation). 2.9 parts of phenohc ant.ox dant (ETHYL® 
aidant 733^ and I of process oil are added to the contents of the reaction vesse.. The resulting 
additive concentrate is stirred for 60 minutes. 
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EXAMPLE C 

To a reaction vessel are charged 35.8 parts of sulphurized isobutylene, 3.6 parts of dibutyl hydrogen phos- 
phite. 18.9 parts of a product formed by reaction of dicydopentadiene with dithiophosphoric acid-O.O-diaikyl 

5 ester in which on a molar basis 40% of the alkyi groups are isopropyl, 40% are tsobutyl and 20% are 2-ethyi- 
hexyl, and 1.7 parts of 2-ethylhexyi acid phosphate. Throughout this addition, the components of the reaction 
vessel are agitated and maintained at 30°C for 10 minutes. To this mixture are added 3.9 parts of C 16 and C 18 
primary amines, 0.7 part of octyl amine, and 9.1 parts of process oil, and the mixture is stirred for 20 minutes 
while maintaining the contents of the reaction vessel at 50°C for 1 hour with continuous stirring. Then, while 

10 cooling the contents to 40°C, 0.7 part of capryiic acid, 0.7 part of M544 defoamer (an acrylate copolymer con- 
centrate of Monsanto Company), and 5.8 parts of process oil are added. Thereafter, wit hout application of heat, 
12.0 parts of Amoco 9250 addttive t 1 .5 parts of 2-tert-dodecyfdithio-5-mercapto-1 t 3,4-thiadiazole, 0.8 part of 
Chemax HCO-5 (a hydrogenated castor oB ethoxylate concentrate of Chemax, Inc.), and 4.8 parts of process 
oO are added to the contents of the reaction vessel. The resulting additive concentrate is stirred for 60 minutes. 

15 

EXAMPLE D 

To a reaction vessel are charged 35.1 parts of sulphurized isobutylene, 3.8 parts of dibutyl hydrogen phos- 
phite, 16.6 parts of a product formed by reaction of dicydopentadiene with dithiophosphoric ackJ-0,0-dialkyl 

20 ester in which on a molar basis 40% of the alkyi groups are isopropyl, 40% are tsobutyl and 20% are 2-ethyl- 
hexyi, and 1.0 part of 2-ethyihexyi acid phosphate. Throughout this addition, the components of the reaction 
vessel are agitated and maintained at 30°C for 10 minutes. To this mixture are added 3.3 parts of C 16 and C 18 
primary amines, and 8.3 parts of process oO, and the mixture is stirred for 20 minutes while maintaining the 
contents of the reaction vessel at 50°C for 1 hour with continuous stirring. Then, while cooling the contents to 

25 40°C, 0.6 part of capryiic acid, 0.6 part of M544 defoamer, and 8.3 parts of process oil are added. Thereafter, 
without application of heat, 12.8 parts of Amoco 9250 additive, 1.3 parts of 2-tert-dodecytdithk>-5-mercapto- 
1,3,4-thiadiazole, and 8.3 parts of process oil are added to the contents of the reaction vessel. The resulting 
additive concentrate is stirred for 60 minutes. 

30 EXAMPLES 1-4 



A gear lubricant is formulated using respective Examples A-D above as follows: 





Additive package 


6.5% wt 


35 


AMOCO 421 Magnesium Sulfonate 


0.35% wt 




Diisodecyladipate 


25% wt 




ETHYLFLO 174 PAO 


58.15% wt 


40 


ETHYLFLO 168 PAO 


10.0%wt 



EXAMPLES 5-8 

45 

Alternative lubricants of this invention are formulated using the respective additive packages of Examples 
A-D above as follows: 





Additive package 


3.2% wt 


60 


HiTEC® 614 Calcium Sulfonate 


0.1% wt 




ETHYLFLO 170 PAO 


80.7% wt 




ETHYLFLO 174 PAO 


6.0% wt 


55 


Diisodecyladipate 


10.0% wt 
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EXAMPLE 9 

A synthetic oil-based lubricating oil composition of this invention is formed by blending together the fol- 
lowing components in the amounts specified: 

6 5% of the additive package of Example A, B, C or D; 

Ethy. <^^»"); w ^ „ 174 po.y-o.-olofin oligomer oil (a ,40 cSt base oil); and 

10.0% of KETJENLUBE synthetic oil (KETJENLUBE is a trademark of Akzo Chem.cals). 

EXAMPLE 10 

The inoredients listed below are pre-mlxed in the relative proportions specified, heated I to 60JC I for 1.6 





SuKurized Isobutytene 


3.9 


20 


Octyi Amine 


0.6 




Oleyl Amine 


0.163 




OctanolcAcId 


0.5 


25 


2-Ethyihexyl-Acid Phosphate 


0.196 




Copper Deactivator 


0.07 




Antifoam 


0.06 



30 



35 



40 



EXAMPLE 11 

Aaear oil additive concentrate of this invention is formed by heating at 50°Cforone hour a 
furi^d teob^ ester of dfchiophosphoric add. octyl amine. bis-2-ethylhexyIphosphate 

of 221 weight % of sulfiirized isobutyiene). 
45 EXAMPLE 12 

v w . „i ma *»\v n fi ftauivalent of weak acid per equivalent of amino nitrogen. 3.25 A> or tnis aoarave 

«%SScl).dlp« e . 25" ETHYLFLO 168 PAO. .nd 86.45% of »*«.! ol (Shell HW 650b). 
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EXAMPLE 13 

The procedure of Example 12 for producing the additive concentrate is repeated with the following mod- 
ifications: the bis-2- ethythexyl phosphate, the octylamine and the antifoam agent are included in the first 
5 stage, the oleyi amine, the dispersant and the friction modifier are introduced into the second stage reaction 
mixture, and the second stage reaction mixture is held at 50°C for 30 minutes. 6.5% of this additive package 
together with 0.5% of Amoco 421 magnesium sulfonate is dissolved in a fluid comprising a mixture of ETHYL- 
FLO 168 RAO and mineral oil (Shell HVI 650b) to give a gear lubricant of SAE 80W-90 viscosity grade. 

10 EXAMPLE 14 

The procedure of Example 13 is repeated except that the first stage reaction mixture is heated to 50°C for 
20 minutes and the second stage reaction mixture is held at 50°C for one hour. 6.5% of this additive package 
together with 0.25% of HiTEC®631 barium sulfonate is dissolved in a mixture of di(tridecyi)adipate (30%) and 
15 63.25% mineral oil to give an SAE 80W-90 semi-synthetic gear lubricant 

EXAMPLE 15 

The procedure of Example 12 for producing the additive concentrate is repeated except that the octylamine 
20 is added in the first stage reaction, the octanoic acid is added in the second stage reaction mixture, the first 
stage reaction mixture is maintained at 50°C for one hour, and the amine salt of a dihydrocarbyl thiophosphate 
Is added in a final stage along with the mineral ofl and metal deactivator. 3.0% of HrTEC® 611 high base sul- 
fonate is stirred into the additive package which is then used to formulate synthetic and semi-synthetic lubri- 
cants suitable for use In manual automotive transmissions where a synchronization system is utilized. 

25 

EXAMPLE 16 

The procedure of Example 12 for producing the additive concentrate is repeated with the following mod- 
ifications: the octylamine and the trihydrocarbyt dithiophosphate are introduced into the first stage reaction 
30 mixture, and the octanoic acid is introduced into the second stage reaction mixture. This additive package is 
dissolved at 5.0% together with 0.2% of Lubrizol 6477 high base sulfonate in a synthetic fluid comprising a 
mixture of 25% of a poty-a-olef in made from dodecene, 44.8% of a poiy-a-olef in made from decene (ETHYL- 
FLO 168 PAO) and 25% of di(tridecyl)adipate. 

35 EXAMPLE 17 

A lubricating fluid of SAE 90 grade viscosity characteristics is blended with a commercially available ad- 
ditive package (HfTEC® 2375 additive: Ethyl Petroleum Additives, Ltd.; Ethyl Petroleum Additives, Inc.; Ethyl 
SA; Ethyl Canada Limited) in quantities such that the oil contains suffurized isobutyiene (2.27% w/w) and an 

40 alkylamine/alkylphosphate/alkylphosphite/aikylthiophosphate mixture (0.56%w/w). The ofl also contains octa- 
noic acid In a proportion such that there are approximately 136 moles of sulfur per mole of said acid. The suf- 
furized isobutyiene itself is HPTEC® 309 additive. The alkylamine is entirely neutralized by the phosphorus 
acids present 3.75% of this additive package is used in combination with 0.2% HiTEC® 631 barium sulfonate 
to formulate a semi-synthetic lubricant comprising 15% dl(isodecyl)adipat6, 30% ETHYLFLO 168 PAO and 

45 56.05% Shell mineral oil (HVI 650b). 

EXAMPLE 18 

Stage 1. To a reaction vessel are charged 43.4 parts of sutfurized isobutyiene, 4.44 parts of dibutyl hy- 
so drogen phosphite, 4.99 parts of C 12 -C 14 tertiary alkyl primary amine (Prfmene 81 R; Rohm & Haas Chemical 
Company), 1.16 parts of 2-ethylhexyi acid phosphate, and 2.56 parts of process oil. Throughout this addition, 
wherein the suffurized isobutyiene, phosphite and amines are added in the order named, the components of 
the reaction vessel are agitated. An exothermic reaction occurs on bringing the sutfurized isobutyiene, phos- 
phite and amines into contact with each other, and the rate of addition is controlled so that the temperature 
55 does not exceed 60°C. Concurrently a slight negative pressure is maintained on the reaction vessel in order 
to remove any volatiles produced during the exothermic reaction. The temperature of the reaction vessel is 
maintained at 55-60°C for 60 minutes while continuing the agitation. The mixture is then cooled to 40°C. 
Stage 2. In a separate reactor, 0.69 part of M-544 defoamant (Monsanto Chemical Company), 0.73 part 
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5 Shexy.. Agitation b continued for 15 minutes, and the temperature . kept at 3C-40 C. The P H 

and 16 SapaSofprcLson. Agitata is continued ^^^^J^!^S^ 
Tne finished product is a bright clear amber liquid typically having a sulfur content of about 23.7 A (wt) 
10 phosphorus content of about 2.35% (wt). 



16 



20 



25 



30 



35 



EXAMPLE 19 



^ 4 Th* nmr^um of Staoe 1 of Example 1 8 is repeated using 34.97 parts of sulfurized isobutyiene, 
Stage 2. The proauci 01 o 8 . rf f d b ^^on of dicyclopentadtene with dith.o- 

^TSracS^S^ 

** S^nTsep^Cr^or. 0.58 part of M-544 defoamant (Monsanto Chemfcal Company) 0.62 part 

olefin. ETHYLFLO 170 PAO. 
EXAMPLE 20 

mately 7.0. defoamant (Monsanto Chemical Company). 0.51 part 



50 



55 
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is continued for 15 minutes to ensure complete blending of the components. The finished product is pumped 
through a filter. The product is a bright clear amber liquid typically containing, on a weight basis, about 17.5% 
sulfur, and about 1.6% phosphorus. This product is dissolved in a fluid comprising 0.5% calcium sulfonate (Hi- 
TEC® 611 additive), 27% Lubrizol 31 74 shear stable viscosity index improver, 40% of a synthetic ester di(iso- 
5 decy!)adipate and 32.5% of ETHYLFLO 168 PAO. 

EXAMPLE E 

An additive concentrate is prepared as follows: 
10 14 parts by weight of trihydrocarbyi dithbphosphate [where two of the substituents are a mixture of iso- 

propyi, n-butyt and 2-ethythexyf (in a 40:40:20 ratio) and the third substituent is derived from dicyclopentadiene] 
is stirred at approximately 30°C with 38 parts of eulfurized isobutylene, 1 .75 parts 2-ethylhexyl acid phosphate, 
and 4.76 parts of dibutyt hydrogen phosphite. 

6 parts of a tertiary afcyl primary amine (PRJMENE 61 R) is added and allowed to react After approximately 
15 30 minutes a polyisobutytene substituted succinimide dispersant at 2.42 parts by weight and a further 4.9 parts 
of PRJMENE 81 R is added and the resultant mixture stirred at about 55°C for one hour. 

0.57 parts of pdyaikylacryiate antifoamant, 4.31 parts of oleic acid and 5.63 parts of mineral oil are stirred 
into the mixture which is subsequently allowed to cool to below 40°C. 

1.6 parts of a thiadiazole (HfTEC® 314 additive) Is then added to the mixture which is allowed to cool to 
20 room temperature. 

EXAMPLE 21 

Into the additive concentrate prepared as in Example E above are stirred 3.15 parts of HiTEC® 611 calcium 
25 sulfonate and 1 1 .85 parts of mineral oil to give an additive package suitable for formulating gear oils. 

EXAMPLE 22 

Into the additive concentrate prepared as in Example E above is stirred 15 parts of HfTEC® 614 calcium 
30 sulfonate to give an additive concentrate. 

EXAMPLE 23 

Into the additive concentrate prepared as in Example E above are stirred 3.0 parts of Amoco 421 magne- 
35 sium sulfonate and 12.0 parts of mineral oil. 

EXAMPLE 24 

Into the additive concentrate prepared as in Example E above are blended 1 .0 part of sodium alkyi benzene 
40 sulfonate, Z0 parts of HiTEC® 611 calcium sulfonate and 12.0 parts of mineral oil. 

EXAMPLE 25 

The following Table gives examples of gear oil formulations containing the respective additive packages 
45 described in Examples 21-24 above. 



so 



55 
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(1) 


<n) 




(IV) 


(V) 


AHHith/A Packaae fEx. 21 . 22, 23 or 24 


3.2 


6.5 


7.5 


7.5 


3.2 


Diisodecyiadipate 


10 


10 


10.5 


10.5 


- 


ETHYLFLO 170 PAO 


80.8 


322 








ETHYLFLO 168 PAO 






32.5 


32.0 


66.8 


ETHYLFLO 174 PAO . 


6 


51.3 


49.5 






KETJENLUBE 115 










10.0 


Shell HV1650b mineral oil 








50.0 


20.0 



EXAMPLE F 



nJifan^thylhexyl (In a 40:40:20 ratio) and the th.rd substKuent is ^J^^^^ 
rfrred with 44 parts of suKurized isobutyiene. 5.33 parts dibutylhydrogen phosptate and 1 .94 parte of 2-ethyl- 

SSreTe-O parts PRIMENE SIR amine and 1.2 parts Ceytamine. The resulting mbdure te then heated 
toaboScfoaSuTlnour after which time heating is terminated and the following aad,c m udure.s^ 



ACIDIC MIXTURE 



5 parts mineral oil 

2.2 parts oleic acid 

0.5 part polyalkylacrylate antifoamant 

0.3 part caprylic acid 

0.116 partTOLAD 9308 (Petroiite) 

0 106 part polyethylene/propylene block copolymer 

ditive) and 15.781 parts mineral oil are added. 



EXAMPLE 26 



(HfTEC eTa^itive and used in formulating transmission oils as described in Example 27 below. 
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EXAMPLE 27 





(I) 


(«) 


(III) 


(IV) 


(V) 


(VI) 


Composition of Example 26 


0.2 


1.0 


0.3 


0.2 


0.9 


1.0 


Composition of Example F 


3.75 


7.5 










Anglamol 99 (Low Chlorine) 






3.9 








Anglamol 9000 




_ 




_ 


7.0 




Mobilab G521T 












5.0 


Diisodecyiadipate 


10.0 


20.0 


20.0 


20.0 


25.0 


20.0 


ETHYLFLO 168 PAO 




115 




10.0 


17.1 




ETHYLFLO 170 PAO 


80.0 




70.0 






74.0 


ETHYLFLO 174 PAO 


6.05 




5.8 








Mineral oD (Shell HV 1650b) 




60 




64.8 


50 





EXAMPLE 28 

A semi-synthetic gear fluid of this invention is formed from Anglamol 99 gear additive package at 3.9% 
and barium sulfonate (HiTEC 631 additive) at 0.2% in a mixture of 10% diisodecyl adipate, 25% hydrotreated 
mineral oil (Shell XHVI 52) and 60.9% mineral oil (Shell HVI 650b). 

EXAMPLE 29 

Blended together are Anglamol 6004A gear additive package at 6.5% ( HiTEC 614® calcium sulfonate at 
0.5%, diisodecyiadipate at 10%, ETHYLFLO 174 PAO at 6.0% and ETHYLFLO 170 PAO at 77% to give an 
SAE 80W fluid of this invention. 

EXAMPLE 30 

With a mixture of 33.2% of diisodecyiadipate and 60% of ETHYLFL0 174 PAO are blended 6.6% Mobilad 
G521T gear additive package and 02% Amoco 421 magnesium sulfonate to give a gear lubricant of the in- 
vention. 

EXAMPLE 31 

A semi-synthetic gear lubricant of the invention is formed when 8.0% of Anglamol 6043U gear additive is 
blended with 0.2% HiTEC 631 barium sulfonate, 35% of di(tridecyl) adipate and 56.8% of mineral oi (Shell HVI 
650b). 

EXAMPLE 32 

Blended together are 6.5% of a low chlorine version of Anglamol 99 gear additive. 0.5% HiTEC 631 barium 
sulfonate, 1.5% HiTEC 623 pour point depressant, 65% mineral oil (Shell HVI 650b) and 26.5% of ETHYLFLO 
168 PAO to give a semisynthetic gear lubricant of the invention. 

EXAMPLE 33 

With a mixture of 7.0% Anglamol 9000 gear additive. 0.1% HiTEC 611 calcium sulfonate and 1.0% HiTEC 
623 pour point depressant are blended 33% diisodecyiadipate and 58.9% Shell HVI 650b mineral oil to give a 
semi-synthetic gear fluid of the invention. 
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EXAMPLE 34 

Asemi-syntheticgearlubricantofthe invention Is formed when 8.0% of Ans"60«^ilNefe 
uJSSSSm poLium alkylbenzene sulfonate. 0.1% HiTEC 811 caidum sulfonate. 35% d,(tndecvl)ad,- 
pate and 56.8% of mineral oB. 



10 



15 



20 



25 



30 



35 



EXAMPLE 35 

Blended together are 6.5% of a low chlorine version of Anglamol 99 gear additive 0.2% ^Jlkyl^ 
zene sulfonate0.2% Amoco 421 magnesium sulfonate. 0.2% HiTEC 614 calcium sulfonate. 1.5% HfTEC 623 
pou ^depressant. 65% miners. * (Sheil HV. 650b) and 26.5% ofdM*^ £9- a ^ncant of 
^invention suitable for use in manual transmissions and final dnves of cemm motor vehides 

It will of course be appreciated by those skilled in the art that the various above t hree Anglamd products 
(The Lubrfcol Corporation) and the above Mooted product (Mobil Chemical Company) are all gear ol addibve 
pacLges basedonuse oi 'phosphorus- and sulfur-containing antrwear and/or exaeme pressure add rtrveco^ 

^Te'performance improvements achievable by the practice of this invention « h***J "° 
means limited by the results of various ZRSynchronizer tests conducted as described hereinabove. Table I 
sZ^S > of tests .n which a gear additive package (HITEC® 380 addmve; Ethy Pe^eum Ad- 
Slaves. Ltd.. Bracknell. England) was blended into various base oils at API-GL4 dosage levels. In Table I all 
percentages ^* pAQ ^ ^Mon). a hydrogenerated ooly-a^f In having a kinematic 

viscosity at 100°C of approximately 9.6 mn^sr 1 (cSt); 
ESTER is diisodeeyl adipate; 

PAO (?I) L teEWL^om*^ poly-a-olefin having a kinematic vis- 
cosity at 100»C of approximately 40 iwrfr 1 (cSt). . n , . 

The above Shell HV1 115 mineral ol was a solvent neutral oil having a kinemabc viscosrty of 9 
(cSt) at 1 00°C containing 1 .0 HITEC® 623 pour point depressant The first seven tests in ^™ 
55) used SAE 80W viscosity grade formulations. Run Nos. 1-7 are oomparatrve M>n«d ^hese fo^ 
™iatior*containedasu^ 

S addWve. an overbased caidum alkylbenzene sulfonate having a 

dally from Ethyl Petroleum Additives, Inc. and Ethyl Petroleum Additives. Ltd. The HITEC 611 addiWe ^contains 
SxTately 44% diuent oil. The formulation of Run No. 8 is an SAE 90 grade formulajon useful as a total 
E^uid suitable for use in final drives such as hypoid differentials, as well as gear boxes. 



Run No. 


% HiTEC 
380 


% PAO (I) 


% ESTER 


% MIN. OIL 


%PAO (II) 


ZF RESULTS 


1 


3.2 






96.8 




PASS 


2 


3.2 


96.8 








FAIL 


3 


3.2 


86.8 


10 






FAIL 


4 


6.5 


86.8 


10 






FAIL 


5 


3.2 


71.8 


25 






FAIL 


6 


3.2 


71.8 


25 






FAIL 


7 


3.2 


36.8 




60 




FAIL 


8 


6.5 


32.2 


10 


| 50.8 


PASS 



40 



45 



50 



It will be seen by comparing the results of Run Nos. 2-7 with Run No. 1 that the fluids conta.n.ns [the syn- 
ss t Jc o 1 falfc Uhe tests wheTeas the mineral oil based fluid passed. Run No. 8 shows that Inclusion In the 
S^<!^ fluid of a sma.l amount of a metal sulfonate pursuant to this invention improved the fncbona. 
properties of the blend to such an extent that it passed the test 
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Table II summarizes the results of additional ZRSynchronizer tests which demonstrate the practice and 
advantages of this invention. 

Run Nos. 11-14 represent the practice of this invention as these gear ois contained, respectively, 2.0, 1 .0, 
0.2 and 0.1% of a metal sulfonate (HiTEC® 611 additive). In Run No. 15 the gear oil contained, for comparative 

5 purposes, 1.0% of an alkenyt succinimide friction modifier of the type described in EP 20,037. The oO of Run 
No. 16 contained 3.5% of a polyisobutenyl succinimide ashless dispersant (HiTEC® 646 additive; Ethyl Pet- 
roleum Additives, Inc.; Ethyl Petroleum Additives, Lid. and their affiliated companies). The foregoing percen- 
tages are on an "as received basis" and thus include solvent oSs. The succinimide friction modifier of Run No. 
1 5 contained no diluent As in the case of Table I, all percentages are by weight, also "PAO (I)", "PAO (II)", and 

10 "ESTER" have the same meanings as in Table I. 



TABLE II 



15 



25 



Run No. 


% HiTEC 380 


% PAO (I) 


% PAO (II) 


% ESTER 


ZF RESULT 


9 


3.2 


46.8 


25.0 


25 


FAIL 


10 


6.5 


80.0 


3.5 


10 


FAIL 


11 


3.2 


78.8 


6.0 


10 


PASS 


12 


3.2 


79.8 


6.0 


10 


PASS 


13 


3.2 


80.6 


6.0 


10 


PASS 


14 


3.2 


80.7 


6.0 


10 


PASS 


15 


3.2 


79.8 


6.0 


10 


FAIL 


16 


3.2 


77.3 


6.0 


10 


FAIL 



As used in the foregoing description, the term "oil-soluble" is used in the sense that the component in 
question has sufficient solublity in the selected base oB in order to dissolve therein at ordinary temperatures 

30 to a concentration at least equivalent to the minimum concentration specified herein for use of such component 
Preferably, however, the solubility of such component in the selected base oO wOl be in excess of such minimum 
concentration, although there is no requirement that the component be soluble in the base oil in all proportions. 
As is well known to those skilled in the art, certain useful additives do not completely dissolve in base oils but 
rather are used in the form of stable suspensions or dispersions. Additives of this type can be employed in 

55 the compositions of this invention, provided they do not significantly interfere with the performance or use- 
fulness of the composition in which they are employed. 



Claims 

40 

1. A gear oil lubricant having a kinematic viscosity at 1 00°C in the range of 4 to 32 mm 2 ^ 1 (cSt), and com- 
prising: 

a) a base oil having at least 25% by weight of (f) hydrogenated pofy-alpha-oJef in oligomer oil or (II) syn- 
thetic ester oil, or (iii) a combination of (i) and (ii); 
45 b) an amount of a gear oil additive package such that the gear oil lubricant satisfies or exceeds the 

specifications for GL4 service; and 

c) an amount in the range of 0.01 to 2 wt % based on the total weight of the lubricant of at least one 
alkali or alkaline earth metal salt of an oil-soluble sulfonic acid, the amount of said metal salt used being 
sufficient to improve the friction properties of the lubricant for use In manual transmissions, particularly 
50 those of the synchronizer type; 

said lubricant containing at most, if any, 100 ppm of metal as one or more metal-containing additive com- 
ponents other than said metal salt, and having on a weight basis a boron content, If any, of not more than 
1,000 ppm. 

55 2. A lubricant composition according to Claim 1 wherein said component c) is a calcium salt of an oil-soluble 
alkytbenzene sulfonic acid. 

3. A lubricant composition according to Claim 1 wherein said component c) is an overbased salt of the sulfonic 
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acid. 

4. A lubricant composition according to Claim 1 wherein said component a) h at least 50% by weight of hy- 
drogenated poly-alpha-otefin oligomer oil. 

k a nAar oil additive package (concentrate) which comprises: 

ashless dispersant. selected from succinWde ashless d.spersants and/or 
succinic ester-amide ashless dispersants, and Mannich base ashless dispersants; 
M aTteasTo^e oil-soluble metal-free sutfur-containing antiwear and/or extreme pressure agent 
c) i t2 Z Si-soluble metal-free phosphorus-containing antiwear and/or extreme pressure agent; 

5? at least one alkali or alkaline metal salt of an oil-soluble sulfonic acid In an amount such that a ^ 

fn t^ra^^M to 32 cSt at 100'C and composed of at least 25% by weight of 0) hydrogenated pdy- 
aCSo^eToi,^ 

containing from 0.01 to 2 wt % of said metal salt, provides a lubricant composition that 

A) satisfies or exceeds the specifications for API GL4 service; 

B) contains at most 100 ppm. if any, of metal apart torn the metal of sari metal salt; and 

C) has a boron content, If any, of not more than 1.000 ppm. 

20 6. Agearolacklltive package acc^ 
alkyibenzene sulfonic acid. 

Agearoiadditfcepackagea^^^ 
acid. 



5 



10 



15 



7. 

25 



8, A gear oil additive package according to Cairn 5 further characterized by having a total halogen content, 
if any. of not more than 1000 ppm on a weight base. 

9. Agearoaadditfcepackageaccoriingto^^^ 
30 250 ppm on a weight basis. 



10. 



35 



» w baneficiallv modifying the nictional characteristics of a low-friction synthetic lubricant com- 

pT^I*!^ 

«L oi or m a combination of (0 and (ii) and a gear oil additive package such that the lubricant compo- 
Snaab^esor^^TespwificaUnsfor API-GL4 service, outdoes not exhibit satisfadory^ct.on 

nriX, including in such lubricant composition an amount in the range of 0.01 to 2 wt % based on tne 
su^Zthrfrtetion properties of said lubricant are improved for use In rnanua. transmissions of the syn- 



40 chronizer type. 



45 



50 



55 
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